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Ins secon’ nart of eech of these equations, iivelving the 
radiation flux (a/s) does covenc on the temperature Cise 
tribution. “The tarmis outsice the intectrals maz ba avalucted 
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‘ intesral tormme. The first job is the 
deternination of (a/A).. as a CTunetion of radius usin’ the 


Beitectec Tirst estimate tonperature cistribution. 


establish ea final commatible tempercture distribution. tTiacn 
of tho followin. stens will be repeated until thet tomoeersture 
distribution is roeachscé. “Sampie data ane calculations for 
each of these steps, based on tho final trial ternncraturce 


Gistribution, are shom in Appenceix V. 


40 £. 4 a. e 
Calculate the fect” distribution With redius. 


Calculate the control volume total radiation erission 


fous e8 a function of radius, 
A e@ - 4(x) (ER) {25} 
(Q/A) tention (2), U8) Fy 


The calculations of KP , Er anc (x) are shown in 
ww 


Anvendix III. 
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Calecwlate the welll contribution radiation flux as a 
fwietion of radius from oquation (42). These results will 
ba constant for this particular problem since & is teld 


sonstent as a civen boundary condition. 


Caiculate the ©@s contribution radiation Tlux @s 68 
function of radius from equation (42). This will roquire 
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PLot tae results cr atop & on a lenee soele SIO oF 
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Step 7 


Calculate the (q/A),, torms inside the intezrals of th 


three tomperaturo cistribusion equations (20), (22) anc (24), 
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Plot tho results of step 7 versus (yt) and intecrate these 


curves in steps eacequate to define the temperaturc “istribution. 
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Gistribution with radius from the aporoDriato cauetion: 

ror (O<y' ¢ 5) use ecuation (20). 
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2no mest step in tho Roel traneter armelijait i: tae 
calculation of the overall net radietion heet flux wish 


actually reaches the wall from the whole 
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tehperaturc cistribution in the cas is cetab.ishee, titia 


~ 


i's 
(2 


&@ roietively simplo procegs. 

Lho one way aS raciation analysis is tno samo a6 
oreviously evaluated for tne wall radlation reccivec oy a 
cas cube in ste s,s 5 to 7 of Phase £, except for some chances 
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This integral has deo cerricd out as previously dLecussed. 


"he results arc snuotm in Pirures KT trrouwyh AYVT. 


2 top 


[ca 


a | 
DPotermine the radiation o-ission (aq) Waiich is received 
VE nw 


© 
by the well olement from a thin cylindrical cas sw'i located 


at Py by interrating che »receoedin~ expression in 4 


Qt 
Vly Stet 
phe 
oY. Ah, AE WOE a) ys) Ce 5 oH e SR s',48|g0(50) 
720 


fhis interration has also coen carried out as ciscussod in 


Step 7 of rhase 1». Vhe results ere shown in Pisures FVII and 
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The radiation emission received bv the well olement fron the 


meas per unit of wali clement arca is simply (2g dw. . Sinee 
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this element is typicel of all such wall slesents at tliis cross- 
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overall heat flux reacinineg tho wall is the total radciction 


emission from the wall clemont 
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step 6 
iow combine terms to find the overall not radiation heat 
flux reaching, the wall from the whole cas 
(a/A), & (a/A)y + (a/A), (55) 
FR c é 
The numerical results of tais analysis aro shorm in 
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PHASE CC - Total Vet Moat Transfer kate To The Vall 

Tho total net neat transfor to the wall is not the same 
as the net total heat transfer to the gas control voliwne 
located at the wall, hi8 is cue to the cifference 2n 
radiation influences caused oy the anzles of incidence of 
radiation beams on the well @roa.e In adlition, a chomre of 
Slen occurs for the convection component leavin:s, the «as ahd 


enterins the wall. This causes an adiitive effoct of cone 


Yection from the local “as rin:: control volume and radiation 
Crom tne whole fase 
“or the as next to the wall 
(a/a), = (a/A), + (a/A),, (5G) 
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convection radiation 


(a/A) is the assumed constant noat transfer rate for the cas 
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next to tho wall, (q/A), = -14,590 Stu/hr. ft” 
(q/A), » at ( 7] ) #1, has also been calculated and is 
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tabulated in Appendix VY, (q/A), #+ 2,168 ‘itu/nr.ft~ . 








Cetormined from oquation (56) 
(a/a) # (a/R), = (ofa), # = 16,655 Ptufe. ce” 


“How for the wall neat transfer rete, 


(q/a) * (q/A)., + (a/a)_ 
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DUbL 321 this case time convection term, althouw"h equal in 


mesnitude to the prec ecding ¢ac convection term, is of 
opposite sign (going into the wall). 
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ihe combination padiation emc cenvcction heat tra@msfrer 
problem is soret‘tines coasidermed, cor abproxinetion, wea su 


tw indepondont solutions. Yhon tie tempersturos cistrie 
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buticn is not aetuelly determined. The radiation s::letion 


& 


is based on @ constant bulk temmerzture essl ned 
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bes. Tire conyecuion Solttion ts taien From the resulte o 
Dure convection, foero raciation analysis usthy the arprovriate 
bulk temperature of the “as. 

To combere the gua of these indevendent @p arr lee 
Boiutions With the combined Solution nulmewioal result s,%a 
cormon bulk temperature of the -as is computed bs eauation (44) 
from tho combined solution results. ..? 1946°R 5 

Fluid provertios are agsumod to have the seme value, and 
all boundary; cmditions are the same. “herefcre, tho pure 
convection coefficients of heat aonisfer for the vas to the 
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The sum of these two independent solutions should roe 
present an approximate total not neat transfer rate to the 


walle 
(a/A) = (o/Ad, + (a/Alg $16,127 tu/far. tt” 


Y@ient ré@sults 
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ror comparison, the corbinec enalysis equ 
are fSiven as follows: (for the same as bulk temperature anc 


the samo wall temporature). 
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and Discussion of Results 
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sne Geometry of the “es a@ticlosure is that of € ver 


The redv@tion prop@rcies @re csastent, so lime 


& peonerel solution for the as radiation 
transrer vroblem for &@ civon “as temoeraturo 
distridution in a circular pipe. 
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Coneral niwvsnerical results of 
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mPedl Lninay”; 
intesrations ricuireé in tho abuve solutionbdr eae 


ramca of vroblem variables. 
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A procedure Tow tncorvoratins the pracinrsl 
solution with the convection heat transfer 
solution in ordér to obte@in tle overall combilgd 
neat transfer solution. 

A s@9mOl@ numerical @olution for the combincd 
radiation end convection heat transfer problem 


by the methods ceveloped above. 
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Yeneral solution for tho vas reciation hoat transrer 


ae .: a x le | FP .., “St e i me ot “fi a “ety. ~ 
iven in @oteil ih Mase | and D of tae “pocecure, 


rostrictiom imposed oy tuls solution are as follows 
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lon . circular pipe 


the ranse of cas tommoerature extremes in any civen 











5. Tne vino well ics ewesumed to be black. 


Ae ‘whe tompereature distribution Is fhveeitiad. 


lor convenience, but not of necessity, the soluticn has 
beon written with tho adcitional assumptions thet the tenne- 


erature cistri.ution is axisymmetric, and that the tonmmerature 
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Pracdient in the aziel CaPection Ls relatively email. 

THis Bolution Brovides the anster for the n@t radiation 
neat transfer rate to any selected control volume clement i. 
the sas, (as shovm i:. Phase & of the Trocecure) includinc 
the effects oF all the sas in the olpo and tho entire pine 
wall arca. Also, the net raciation heat transfer to any 


eiven well arec sloment from all tne sas in the nite is civen 


jn a gimilar expression (Phase 7 of Drocecure). 


(B) The proliminary integrations required in the above sol- 
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utions nave been carried out numericalls 
problem varitaoles ~enerally iIncevoendent of ayy spsci@Med tem 
erature distribution. In particuler, the first intecration 
@lone the Lenvth of the vino has boon carried out in each caso 
for a pranco of (KP) values from © to 10. "nese results ore 
@2ven in their most useful form in tne somlelow plots ayaiast 
(KR) in Fisures VI, V™T, and VIIT for the -as control volume 
Suve, Od in Figures ALIT, XIV, EY and XVI for the Wall arce 
Glement. These results may bo usod over & wWice Panse oF DIPS 
radius values and a wide ranzo of ras absorytion coerricionts 
(K, )- 

The second intecration for each case is carried out in 


tho 9 dir@etion around the pipe at constant r. "“herofore, 











the temperature distribution still remains outside the 

intesral for the axisymetric case. Theso intoes;srations are 
carried out for one sam lo value of the Gimonsioniess Dvarancter 
(wm €& 0.78). The Pe8ulite are chose: in Ficuros *% end MYIIl. 
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The steng leacins un to these second interrations are 


rother involved due to the roquireiont or s 
eb@cissn oo; tro tirss iivegraetion results 
i Willues, (As dsecrmibed in Phaeee 2 of the Frocedwwe). lec, 
tit acdced complication of ce@lin= with infinite orninates for 


several oi tue curves requires tne use of appromirmtse methods 


bg) ? % 2 gy Wy s ae Bint Ne Prec e. on re ane 2 
Oz whericel intecraticn to obtv@in byvuvesre@le of those curves, 
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Otuer integrations 1:1 each case across the raclius pequire 
the inti duction or tho temperaturc distribution ana therefore 
¢an not be given in a¢venco for any ceneral case. 


(C) Whe conbined convection and radiation heat transfer 
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solution is doeveloned in “eneral Perm in wiuase O 
Procenuree This solution is limited, as shown in the develope 


t 


i» 


ment, to @ special put fairly tyrnical caso. in varticular, 
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is voted here that the raciation heat transfer ab tne wall is 
assumed to be relativcly small commared with fhe convection 
conmonent of the overeil heat transfer et tle wail. 

The Von wapman consveant probertices pure eonvection heat 
transfer solution 10 was — Qs 2 vasis for guis comeraed 
Snelysis. his solution was cilosen as tho best analytic 
eolution for the convection problems which permittec a rele 
atively simple form of integration. ‘he Bertinclli goluvtion 


5p Which covers @ Vicerrange of application, is not 
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bub requimes s mich Bort comptenk [cm of intermpetionr. The 
temporature distribution givon by tne metnods of tno 
yon kKerm solution is net as roltabic near the contorlins 
of tas pi rej, but this weeimess ves not cozete@ercd sien fieent 
Snoush to réquire tno use of the Mertinclli solution es e 
bagie for the combined analysis. 

The biggest wrobleii in the combinea analysis concerns the 
evaluation of the (q/A)_ radiation heat flux term es cs 


component of the totad. aii transf@> rate st any votht. Mere 


(1) “he apvarent heat flux ex: reoyesents the total 
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heat Ur@iiscer rote crossinz the nstant -aciuae bouidary 

oa 2 ¢iven rinz ehpntrol wolums Theat is, it reoresoents 


thé convection Ment transfor ~2t@ Der mit @rca &t tie 


boundery tat -_), >lus the toteld wet contrioution of ae 


a 
the peciebtion west Yranster rate from alk iinnor conrtvrok 
volumes (at r.r,) which actually; crosses that boundary, 
per unit bowidary Aroe, es raciaticn heat transfer. Tus 
Ls tne mest strety htforwerd @ne phyeaically; tan ible 


betion, but unfortuattely this reoulpec r-dfabion 


fumetion,as smocifice,is very ¢ifflcult to obtain. Th 
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aLTriculty Dae bPom@kns bout boeceBee cf the required 
@ecountinge for the transmittance of tno sas and for the 
adjuetwent cf tke co nteibutions of radiation Irrem the cae 


JOSGod upstream gerd foumstrem.. 

















(2) The socond internretation defines the avparont heat 


transfer flux (a/a),.., at any point to be a net heat 
i ae 


transfer Patc for the gas loGato: at that noint. Theat 


is, it rénresonts the alvsovraic sum of tiie convection 


hoat transfer rate ner unit arca at thet noint, (at Pals 
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Nlius tne net radiatior transfer rate ver vnilt area 
(ormal to the well) at thet game voiInt. This stctea@nt 
is not compleotc, howevor, wntli some dort is aastrned 

to the «as under cvwsicoration at this vcoint, stvee Tag 
wee radiation Must pofer to a volure. 
od by referring the radiation heat transfer, (a/A)s to 
& dimensionless unit thicimess of constant temperature 
has located et this »votht (at ri). his is the (a/A) 


tern which is used in this devclonpizent, a@s definca at 


the ene of Fhese F of the Procodure. 
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IG sould @e noted at this poimt that the dirferences in 
2 § ae nm fr ny fr \ 492: Le : oe ae 
intervrotation cof the (0/4) gon azicl (a/A) terms have no ePlact 
on the developed tonperature distribution equations (29), (@ 
end (24), exeept insofar as wiat its now meant v7 (ey) 8 
(E/®) oo for the ges at the wall. if (AP ) on 34 talren in tas 
sirst sense, tne (aa) 4 S - (G/A) 6 That ig tue total combine 
ed neat flux for the cas at vhe wall is cequel in macsnitude to 


the total combined hoat flux to tho wall (as in tne pure 


convection case). Nut if (a/A) is telsen in the second 
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sonse, thon (a/A) . } -(q/A),. “hat is, the net combined heat 
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flux for the gas at the wall is not of tho samo mannitude a 


“4 


tho net combined heat flux to the well. ‘This second casc 
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the case usec in tn 
(a/A) | Qnc og this caso is civen in Phase = of the 


an 


(7) In order to domonstrate the avviicatian of the combined 
solution, a2 nwnerical sarmnle vroblom ves cerricd to cormlction 
for pure carbon dioxide ~as as Giscussed in Phase C, Fhase ™ 
and Phase Tf. of the Procedure. 

As a@ startins point, a nure cconvoction ution wes care 
Pied out to determine an initial triel toeperature Cistribption 
(Picure XIX), anc to establish boundary concitioms for the 
combined convectian anc radi ation croblen, 

The corbineée solution tlicn precuired a reiteration vroe 
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cecure to estabiisn a comatiblc tonmercture « 
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This nrocess is cescribed in vrnaso C of the Procedure, and 
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gBample calculations Gre siven in Apyoondix VY. Tho resulting 
termerature aistrivbution is civen in Vipgure «£.. 


Tne general shape of the cemoined sclution tomooraturs 
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Cistribvutien curve is siwniricantly different from the orl=ael 


Zero radiation result. ‘he tenporature appears to cone closer 


to 4 uniform value across tne Dive, so thet the temmcrature 


a ts $. —_ las, “ hd at enntne E: ag . 
eracient neer tlowwall is relatively smroater ror « given 


maxioum vempoerature or buls telvor cure of tho ase 


Fm at | Sr an 


Tne drop off of tenmmerature toward the conter oF tne pipe 
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26 in the 2ipt,, coupled with tne early asewmotion 


Eat Peis varios lingarly wit. tiae vracius. Tne intepmation 
wt ©. 
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procedure ueed in the vai. A@rman method of aneiysis, as 


extended to tnis application, orovido a relatively weak 


termerature distribution result near the centerline (as 


Cc 


e Y = os bd t z hd = oA 7 
etarolifitd by the gers PaMLation Pesult). Tlowovor, it ES 


Deizevec that the 4fonp off @A tcompercstire near the ccnter 
Lime Goes in fact oXiS%, Meh che aTAl tépoeretiws craters 
$4 nearly uniform with ~aé@ius. 
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Sigaifieantly influemee thé other temperetume eclouLetiois bee 
cause or tho zero srea asmciated wrth the centerline (r © 0). 
Thenetore, it le canliderced justifiable to fare in an 
Boproxiwate temmeraturc for thie singular voint,. “ther more 
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comol@x insthods of inteowration, such ag umed in the Mertinhelliz 
Surs convection analysis, might be used to obtain mors accurate 
tarvveratuves very wear the cciteziive. coviever, true int Luence 
Of time gab tompePature vory noar une ccenterlint is vory SHAAl 
ey aMial sais. 

b> raver cco oe tell was come 
euleted in *hawes Tand 0 sf the rr cetwc. His roomtkt 

Biiowec thet the pet@iaviean effoets pwd to -® faim in tae woe 
met neat transfer rate to the Maki Tor tis ivon Lo omdery 


Sond:tiowms. ine temiaeratiuw (ieirebu 
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sion curve, “iemme XM, 
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a rie 3 «* ae ° 4 ~ * : 5 an  w* - *. et fe : “ 
COmilsed solution ex@aiple. Thererore, tas coaaclusion is 
hid i 1 M °. rae a. ba 3 7 ay a0 aS 495" 
Ssoacned that the overall effect of thse raciaviony, commarc- 


. a - +4 % - « = a baal 2 i ry #. 
with &@9 Zero-redlabion pepulvt, is te licreasc 
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nee lew transite” tc thia@ell for a @ercn buillk termera:tume of 
hot pee enc @ shpeckfier Sot liam Wall témeernatuten. 

Tis conclasien, WW Mast bg Bhesweteod, Is pase! on’ 
Relevively restrictec solwtion reec.iec #watn tla aid of the 
PRebitations anc acssmaitigene groviousi: cutlinen. Et is hee 
1e6V7@ that thio ment serheus LimitetGons iuaposei on thie 
CUWpi:2ea heat trans@cr sotution Ss tc meg ction tf constenst 
mints orover’ los “Throws t  yhe anelesea, Tho efFact of 
oD Le propo oe aly, in Sect, Be very ci GLfican.: 
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Priomt te very veto, j%c be sttli possible tivst tac come inde 


of vadjiatlon coi ded with 
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erfecsts 
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pDropsrties consic 


convection, vith vartable 


evyerell cempined 


Eme@lysic to & reo@uction in the towal net heat translor rate 
SO time Wall im Seme ceces iueteme of Ge ~“aln show: jin tais 
cCenstant “rovertios aneiyeis. 

More couclusives resets are oPtelined ix compari=n. this 


ecoubined emel;tic solnid-pm with tho sunmetion of iuge -cend@ent 
GConvecticon enc -simplhe roeectacion solutions which do not ree 
Puire completo tBhparceturc distribution specifScation me 
@ccommlish this comperison, the averace bulls termoratuwve of 
me as wes rele comttant Lor the two cabés as d@scrived Th 
p7eaae " of the ‘roco@ure. Wen tne Gotal net henc Tame 20 ache 
wall was conmare: for the two wothot@s of solution. 
TnLS cOoMpe@Pison snowed tat tao total net heat transfor 

rate to the well was hither @ tae ec imblied soletion tman in 
the summation of the indovendent solutions. “ae rat Batvion 


component of the heat transfer was 





lower at tne wall in the 
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COUCTS! CONCTUST OAT 


Thermai redfation cxerts @ sirmificant influence on 
the totel net heat transfer from a turoulontly flowias hot 
Piaicd im & circul@r pise@e A Bolton to this comb lwd 
radiation anc convection heat transfer oroblem presented. 

fluid properties are 
A $@0ple nurtorical 
for pure carbon cloxide as. 

The results ov this constant 
revocl a stgenificent @ain in tho tota 
to the wall comparec to an ecauivalent 

Cdit ion of indsvondent 
Contéction aclutions based on vhe Sag wulk tomornti 
not orovide an avequate total net heat treisfer s 
cae COUDLIAA 6ioccts of Padigtion anc coeAvection Mast 
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introduced in a combined analvéis to determine tine tenpe 


ution in order to @decuatvely dereribc the 


heat transfer solution. 
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The results of this toegis cannot be considered as eae 
conclusive explanation Yor the effects of rad ation on tne 


ceneral problem of heat transfer from a turoulentl; Clowing 


? 


Pivid in @ logge circular oine. Accordingly, the follows lie 


recomendations aro orescntcd as the most promisin: avenucs 
ior Bipnificant Improvorent in the uncerstandiny: of this 


Subject. 


Ae Uxkplore tn6 Toeasibility of using. the “Martinelli (5 | 
form of analysis for tne temmeraturoe distribution equations 
£0r he combined raciation Gn@ coavection ane@t-sis. “he 
adved refinenents of a Vartinelll tyne solution woul? orovide 


better tammoraturc disatridution information near the center 


of the pipe. ‘the cfrect of trie small enter section 
temperature distribution on the overall analysis is ralativelr 


emall in aay case, Lut it ils certainly more simmifricant wien 


rasiation 18 pressnt. i Nnorefore, it is belicved 


de 
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7a% Buca Be 


Imorovement “should be invesatisated. Tae simniticance of this 


improvement would be raiaece for cases in which raciation 


revrosents a hicher contribution to the overall hoot transfa. 


Be xtend ths combination radiation and convection heat 
sransier analysis to iIncluee the erfects of varia-le oro erties 
et the fluac. It is tel tbevcc tat a Siypnificeant nore vrareat 


mould be obbainec by introducing vertobhe proporties Tor the 


convection prorerties of the fluid. To incluse variable 














radiation vroperties of the flule would require a much more 


comnclex radiation solution, but the improvement here vould probe 
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ably not be nearly “nificent for most probleme. 


Therefore, it is wecormeerded to&t only the proberties 
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associated with tro convection neat trans 


zs 


variable. This will Lead to @ velocity Gietributicn which if 
@ iwacticn of the tém@eerature Libtrilution. The cffect of 
this consideration will be esvocially apparent in tans Soundary 
layer region. The overell solution may yield -simnificantly 


Gifferent results - esvecially for larger temmDerature cxtremes. 
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C. erry out the cervbiner redtetion enc comvrection 
anaivesis usine the total heat flux concert for (Q/2) pnp? the 
epparent heat flux at any peint, IMmetvead of ihe not boat flux 
coneest used in tnis analysis. Ve ucfinitions of these two 
coneepts are diseuszod on v2are 565 or the FPesulte. ‘ecause 


<2 


os the more tangible oaysleel picture offerc? by the tora 
aget (lux canecCtg auch @ neemlt cou? be foro eagtiny inteme 
Deetec, and woule therefore surovice a stronprer arpiwwent for 
the solution. The objective of tiis new more eo plex analysas 
Go2l- be to providé Giother namericel solution for asehoum 
ith the results obteined usinr the analytically sinpler ne 
heat rlux concept. 

vVh@ chief crobilwr hich is brovumht up by this new a@iuely- 
sis is the evaluation of the radiation commonent of the 
apoerent heat flux at eay fivem point. at first thousht, one 
Miaht euspect that thes tobak nel radiation *lux crossh wa -«€ 
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siven boundary at ry: és sieply tne eum of all net ranlation 











effiuxes from all the rinse control volwnes located at rcry 
summed fromr 80 tors Pye Tnore ere two tniness wrons with 
this simple Swnimation. First, and most oovious, axial rads 


tion components are not directly accountcs for in this 


a 


surmation. Fortunately, this cifficulty is not simifleantd 


for the infinitely lon axisymmetric pive, if the axial tempe 
erature rradient is assumec to be very small. In that caso, 
mutual symetry exists for all control volumes alony the axis 
at a fivon raclus; such that eli the net raciation efflux 
from @ geries of control volumes et a civen cros¢-section mey 
be assumed to flow in a radial direction. "Thorecfore, the 
axial coMernents ere accountcd for in thie indirect menrer. 

Cut the second vroblem is not concuerec so casil;,. This 
Gar fieulty laee in the couplin: effect of radiation ac 
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convection. The dum of the totel mot radciation heat efflizee 


La a 


rrom all tye control volumes insido of the radius ry Cnos not 
TO 


necessarily cross tho radlus ry, as raciation heat t 


“~y 


The mechanism of heat transfer can chance to convection heat 


transfer for @ part of that met radiation of flux wm icn is 
absorbece by the interim cas before reacninc the boundary at 

Pye Therefore, the sum of all the radiation heat efflumes fron 
@ll the control volumes inside of the radius Py: revresents 

the total net raciation flux at th. boundary at ry, plus a part 
of the convection heat flux at the boundary at sae If tnis 

sim is then added to the local racial convection heat transfer 
established by the tempersture cradient at Yys this total will 
represent moro trian the actual total neat flux since a vart 


of the convection heat transfer is accounted for tvice 
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A B@imple solution to this difficulty wpuld 26 to dmmore 
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ite Then the now raciation term a at the bouncary 
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Would be siniply the Tolioving inte@ral. 
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This would corteinly lead to an approximate rosu’t, cut 


ZO 


its sinmmificance would. be doubtful until It is compared vith 
iInoro exact solutions. 

The more ekact solution for this enrestizn coulae doc 
solved by tive followin: proceduro: 

Carry outea complotc threeidimemeional anal 
@@e5 control volume cube at r inside tno bcundger: Pas cut 
only compute the wet radbeabion which actually moenotrates the 
boundary radius Pry. Tnat is, tase into account all one-way 
Well sidiavion @aich redenes the cube, nilus all ome= way Exe 
radiation from tne gas located bcttecn Py an’ r which reaches 
whe cube, plus the fracticn of the total Gmisbsion Crom the 
eunpe Which actually crossés tic Padius Pye “hig veet csis@iga 
tern amy require @ patner involved calc: slation to ac > Dee 
the transmittence throu: somo avergse patn isn-tni to the 
poundary at rye Tne net pesult of these inberrations gOUuL 
yield a mdifiec heat flux term for that cube ({ eg py for 
@ specified veliue of tne boundary radius Pie 
evaluation should be rovestecc for other revrcsentative cubes 


bos | 


inside Py mach cube Bidi bo reoresemestive of all cubis ae 


Control voluiwe. ‘iext, sumupy ali control volume contributions 
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to the flux at the boundary ? 


xs 
fnen for this analysis: 
ry 
(q/aA). 2 ir ( dg ) er 
e 7 Pf 
1 cy 1 


where the terms inside tho Iinterral wero evaluated for thoir 
contributions at rie Therefore, this wholo »~rocess must be 
ropeated for cacn selected value of tno boundary redius vie 
This would finally leac to a (q/A) Gistricution with 
1 

radius which coulc be used in the total heat transfer rate 
concent definition of (a/A) ° 

app 

Then & reitoration nrocedure would be carried out to 


a 


establish the comvatible tonmerature Cistripution. ‘vhis 
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reitoration procedure would recuire recalculation of eacn 
(a/4) ps value for each trial because of the variable ternn- 
erature as contributions. This nrocess shouie then 
convoerze to the final tenmerature distribution and toval 


> 


net heat transfer solution. 


Needless to say, the work involved for this job would 


>] 


be increased about tenvold over the vork required 


for the 
Solution presontcd in thls thesis {evon thouch constant 
proverties are m@intelinod). llowever, the radiation solution 
in this thesis could be used to acvantacre to reduce this 
work load, ospeciallyv for the axial and 3 Cirection 
intvesrationa. 

Tt woule be interestin: to seo if thts solution would 
yield significentit moro accurate results than the other more 


“e 


simple analytic solutions. At least one or more sets of 








comparison solutions by aifferent methods will bo required 
in order to show which mothod is most sultable to provide 
sirpnificant results with @ practical amount of work, 

A Tinal extension of this radiation tern, (a/\)p, ; 
evaluation could be macc after the accurato solutions wore 
determined for several cases. irobabliy a relatively simvle 
apporoximate twoedimensional breakdown could be develoved based 
on the results of the mre accurato three-dimensional 
solutions, ‘Such @ result would be valuable Yor ceneral onci- 
neerins application Tor combination radiation oni convection 


heat transfer problems in lon~ circular pipes 


n. A final recormiendation concerns the need 
experimental evidencs. Accurate experimontal evidence is 
neoded concernins the effect of raciation on the overall not 
heat transfer rate from a hot fas flowing; in a cool olpe. fn 
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particular, tenmecrature distrivcution reasurements woulda de 
moat valuable. In this way, a strons check point could be 
mado to compare the analytic development with exverinental 
ovidencee 
Also, comparative exnerimental evidence snoulid be obtained 

to show just hov si-mificant tho radiation of fccets become with- 
in the rancse of vrectical application of fluid flow neat 
transfor problomea where convection usually coninatoes treo 
heat transfer precess. “Yr from tne other extrome, now is a 

radiation dominated heat transfor oreblem chan ‘cd by tho 


couvnlins effocts of added convection heat transfor? 














i few cereful exderinonbe aben: thege lines shoule 
provitie g@uidanco to ahow Whore it 28 most proriveile to 
make uso of conmplination convection and raclation heat 
trP@nusTer. This Mould Mrovice an MeewWer to the choice 
betwec Oo rachia@ting Bas ane a simblé@r noneradiatinny 


ror Geaveciiic heet trenefrer we pplicetion. 
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Se Introcuce the tinc averare velocity concert Tor 


turbulent flow. 
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Ge ENter thecterms in equation (he@) end retain only 


tae sinito time avere.c terms to ovtain the rollowing: 
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le Aoply tac first lag of thermo@rnamics 
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whero { aq ) is the not radiation heat transfer rate to the 
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control volume per unit volume 
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2. Tote the continuity; equation (Awl) in eqdation 
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(5-4) anc sinplify to obtain 
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Se Combine equation@® (fc), (8-3) ane (P=4) and divide 


by 2Trardxd Te 
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4. Combine with tho mofmcntum ecuation (%=7) and 


simplify to obtain the Sollovings: 
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tt be to & 

pressure Sredhent term ahd the viscous work tori arc small 
conpared to the other terms in the quation, so ther twill 
be nev7lectecc. 
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7s QWecunmm the tetiharatuce geredieflt in the axial direct= 
ion is rolatively small, so nogilect tis term 
apy i) J a (ko eo, oy () 
Ne / 


In 


y 
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flow into equation ("=10) velocity and temmercture terms. 
nevain ali fiaite tine average torms. 
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bo slenificant in geome analysos., Portunateoly, this term is 
10t significant compared to the other remaining terms in the 
enersy equation for purposes of this heat transfor analysis, 
and its omission is justifiec. ‘This is due to the hi®*h 
temperature sradients anc termerature level oncountored in 


tris aovlication. 








h. PAUTALION CI vice: 
(Ceneral references: [3] , (5) and [6] .) 


The omission coefficient (7 ) and the absorntion 
coefficiont (i *, aro eveluetod as functions of theo gas 
miooivity ~, (P 1) YRimes. Ths GiMHension of each of *I 


Md 


coefficicnts is bass POC DrOCcai or Lleni:ith. Tt is assumed in 
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this analysis that these cocfficionts are oqual constants to 
be @évaluated at some siven bulk tembcrature of the mas. 
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where |: 6 the moan wath loncth 
€,. 48 the ca& omissivicy a0 the cas bulk torme 
eic averace (P J %) value 
and (30) le the real -as transmittencc wei iting Pactor 


described in stan 2 on peo 3. 
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This can be simelified to 
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Figure XXI 
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Ae Convection Analysis 
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All propertics arc ovaluetec at the gas film termerature,. 
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